Rat-ascites-hepatoma AH 130 cells were incubated at 37°C for 1 hour with bleomycin at the concentration of l~30 #g/ml. Then, DNA polymerase was prepared from the cells.
The enzymatic activity was about half of the control value. Thymidine kinase similarly prepared from bleomycin-treated cells, did not show such a marked inhibition in their activities.
In vitro addition of bleomycin to the DNA polymerase assay system did not produce any appreciable inhibition.
Moreover, the antibiotic stimulated the enzymatic activity when native DNA was used as template.
An antitumor antibiotic bleomycin was isolated from Streptomyces verticullus by Umezawa et al. in 19661) .
Bleomycin was observed to exhibit a significant anticancer activity, especially on squamous cell carcinoma2).
In the field of oral surgery, the antibiotic is very effective for the treatment of tongue cancer or soft tissue cancer3). The mode of action of bleomycin has been extensively studied by Umezawa and his colleagues4>5>6).
DNA synthesis was most markedly inhibited by bleomycin. However, RNA synthesis was not significantly affected.
The antibiotic also interferred with protein synthesis. Recently, Kanamoto7) in our department, studied the in vitro effect of bleomycin on DNA polymerase.
The antibiotic did not show any appreciable effect on the enzymatic activity when heat-denatured DNA was used as template. Moreover, bleomycin stimulated the enzymatic activity as high as twice the control when native calf thymus DNA was used as template.
These results suggested to us that the mode of action of bleomycin in vivo might be different from that in vitro. The present paper deals with the comparative study of the in vivo and in vitro effects of bleomycin on the enzymatic activities of DNA polymerase, thymidine kinase and DNA-dependent RNA polymerase.
Materials and Methods
Chemicals: and resuspended in dithiothreitol. After dialysis for 3 hours against dithiothreitol containing 0.05m ammoniumsulfate, the dialysate was centrifuged at 105,000Xg for 60 minutes.
The supernatant was immediately subjected to assay for RNA polymerase activity.
Results
Preliminary Experiments (1) Incorporation of 3H-Tdr into DNA during in vitro incubations of hepatoma cells. Fig. 1 shows the time course of the incorporation of 3H-Tdr into DNA by hepatoma cells.
When ascitic fluid was added to the incubation medium instead of calf serum, a higher rate of the incorporation was observed.
A similar higher incorporation was also noticed when 5 day-old cells were incubated instead of 7 day-old cells.
However, larger differences were found between the duplicate samples when the rate of incorporation was high. (2) Indirect action of bleomycin on DNA polymerase. Fig. 2 Table 2 , almost no change in the extractable thymidine kinase a ctivity was observed when the hepatoma was incubated with l~10^g/ml of bleomycin. The direct addition of 2~20 Ag/ml of bleomycin to the assay system of thymidine kinase from a 26-hour regenerating liver, resulted in an activity about 92% of that in the control.
These data indicate that the activity of thymidine kinase prepared from bleomycint reated cells seems almost unaffected by the preincubation with bleomycin. RNA Polymerase The activity of aggregated RNA polymerase prepared from the nuclei of bleomycin-treated cells was compared with the control. As shown in Table 3 , the activity was impaired to some extent: in one experiment, 69% of the control; in another,. 84% of the control.
In these cases, however, the enzyme system used was so-called " aggregate enzyme" which contains bleomycin-treated DNA.
To avoid the effect of the pretreatment of bleomycin on DNA, RNA polymerase without DNA (soluble enzyme) should then be used with calf thymus DNA as the template.
As shown in Table 4 , the enzyme prepared from the hepatoma cells, incubated in medium containing 20 juglml of bleomycin A2, showed a distinct decrease in the activity to about 50 percent of the control. Soluble RNA polymerase was prepared from 7 dayold hepatoma as described in the text. When the enzyme was assayed, 120 £<g of calf thymus DNA was added as the template.
Discussion
Concerning the method of the present experiment, the author should like to emphasize the following points : (1) In a series of preliminary experiments, the author found that the activities of DNA polymerase prepared from the different pools of hepatoma cells varied so widely that the standard deviation exceeded over 5% level. However, when the activities of DNA polymerase prepared from the same pooled cells, were simultaneously determined,, the standard deviation did not exceed over 5% level. Thus, it should be noticed that the comparison of DNA polymerase activities were made with the aliquots prepared from the same pooled cells.
(2) One might consider that the washing of hepatoma cells would not be sufficient to eliminate bleomycin from the hepatoma cells. However, if 20 /*g/ml of bleomycin would still remain in the washed cells, the preparation of DNA polymerase should contain 4 jug/ml of bleomycin, because the 20 % homogenate was prepared with sucrose solution. Based on the data shown in 
